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NASA Langley Low Speed Aeroacoustic Wind Tunnel:
Background Noise and Flow Survey Results Prior to
FY 05 Construction of Facilities M odifications

Earl R. Booth, Jr. and Brenda S. Henderson
NASA Langley Research Center
Hampton, VA

The NASA Langley Research Center Low Speed Aeroacoustic Wind Tunnel is a
premier facility for model-scale testing of jet noise reduction concepts at realistic
flow conditions. However, flow inside the open jet test section is less than
optimum. A Construction of Facilities project, scheduled for FY 05, will replace
the flow collector with a new design intended to reduce recirculation in the open
jet test section. The reduction of recirculation will reduce background noise
levels measured by a microphone array impinged by the recirculation flow and
will improve flow characteristics in the open jet tunnel flow. In order to assess
the degree to which this modification is successful, background noise levels and

tunnel flow are documented, in order to establish a baseline, in thisreport.

I ntroduction

The NASA Langley Low  Speed
Aeroacoustic Wind Tunnel (LSAWT) is a
low-speed, open-circuit, open jet acoustic
wind tunnel equipped with a jet engine
simulator (JES) for study of jet noise.
LSAWT currently has a top speed of Mach
0.32. The jet engine simulator is equipped
to produce two flow streams representing
engine core and fan bypass flow. The jet
flow streams are independently heated and
throttled so that the engine cycle of nearly
al existing and some proposed engines can
be smulated. The jet flow is surrounded by
the wind tunnel flow to simulate forward
flight effects at realistic landing and takeoff
speeds. The combined flow traverses an
open jet test section surrounded by an
anechoic chamber where microphones
record noise produced by the simulated jet.
Assuch, it isavaluable tool in the pursuit of
jet noise suppression technology. A typical
nozzle test is shown in figure 1.

As with al facilities;, LSAWT can be
improved. Three areas of improvement

currently planned for an FY 05 Construction
of Facilities (CoF) modification of the
LSAWT are the addition of inlet noise
suppression, installation of flow splitters to
the existing downstream noise suppression
baffles, and replacement of the existing flow
collector. A sketch of the LSAWT tunnel
circuit illustrating these potential areas of
improvement is shown in figure 2. A study
to assess circuit performance implications of
the proposed modifications was reported in
reference 1. Inside the test section, the open
jet flow is captured by the collector. The
existing collector is rather large for the room
and may partialy shield some of the
microphones in the downstream side of the
test section, so it would be desirable to have
a physically smaller collector. In addition,
the current collector is too large for the flow
it is trying to capture. Flow spillage from
the existing collector causes a complex
recirculation pattern in the room that buffets
acoustic treatment on the walls and ceiling
and may affect background noise levels
measured by the microphones. In addition,
the size of the potential core flow of the
open jet test section is reduced by reversed



flow spilling from the collector. The focus
of the current study is to establish a baseline
for assessment of the effects of installation
of anew collector in the open jet test section
by documenting the background noise levels
and open jet test section potentia core flow
distribution and extent.

Symbols

acoustic velocity, ft/s

Mach number, v/cy

pressure, |b/ft?

distance from tunnel centerline, in

dynamic pressure, |b/ft?

sound pressure level, dB

Rankin temperature, degree

velocity in streamwise direction, ft/s

velocity, ft/s

axial distance along tunnel centerline,

referenced from contraction exit,

positivein flow direction, in

y lateral distance from tunnel
centerline, in

z vertical distance from tunnel
centerline, positive up, in

p  density, dug/ft®
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Subscripts
S static
sc scaled
t tota

Test Description

Microphone Array

Background noise measurements were
conducted using the standard LSAWT
microphone array consisting of 28 B&K
model 4939 quarter-inch diameter free-field
response microphones. The microphone
locations with respect to the centerline of the
contraction exit are shown in table 1. Data
were acquired at a sample of rate of 210
kHz, with the data high-pass filtered at 200
Hz and anti-alias filtered at 100 kHz. The
data were then processed into spectra with

bandwith of 30.52 Hz up to a maximum
frequency of 100 kHz. The SPL vaues
presented represent sound pressure levels
relative to the constant bandwidth and were
not normalized to power spectral density
levels. Data were acquired at the following
test section Mach numbers: 0.10, 0.16, 0.20,
0.24, and 0.28.

Table 1. Location of Microphones.

No. X, in y,in z,in r,in

1 -76.06 | 88.39 | 106.62 | 138.50
2 -53.78 | 88.39 | 106.62 | 138.50
3 -3454 | 88.39 | 106.62 | 138.50
4 -17.52 | 88.39 | 106.62 | 138.50
5 -2.14 | 88.39 | 106.62 | 138.50
6 12.03 | 88.39 | 106.62 | 138.50
7 25.33 | 88.39 | 106.62 | 138.50
8 38.02 | 88.39 | 106.62 | 138.50
9 50.32 | 88.39 | 106.62 | 138.50

10 62.44 | 88.39 | 106.62 | 138.50

11 7456 | 88.39 | 106.62 | 138.50

12 | 86.860 | 88.39 | 106.62 | 138.50

13 | 99.550 | 88.39 | 106.62 | 138.50

14 | 11285 | 88.39 | 106.62 | 138.50

15 | 127.02 | 88.39 | 106.62 | 138.50

16 | 14240 | 88.39 | 106.62 | 138.50

17 | 150.67 | 88.39 | 106.62 | 138.50

18 | 159.42 | 88.39 | 106.62 | 138.50

19 | 168.71 | 88.39 | 106.62 | 138.50

20 | 178.66 | 88.39 | 106.62 | 138.50

21 | 189.35 | 88.39 | 106.62 | 138.50

22 | 200.94 | 88.39 | 106.62 | 138.50

23 | 21359 | 88.39 | 106.62 | 138.50

24 | 22750 | 88.39 | 106.62 | 138.50

25 | 24294 | 88.39 | 106.62 | 138.50

26 | 260.24 | 88.39 | 106.62 | 138.50

27 | 279.84 | 88.39 | 106.62 | 138.50

28 | 302.33 | 88.39 | 106.62 | 138.50

Data Analysis of Acoustic M easurements

As shown in references 2 and 3, background
noise data from low speed open-jet wind
tunnels can be scaled to a common Mach
number using a two part scaling law based




on a u* scaling law. First, the frequency of
each gpectral bin is scaled to a new
frequency using a Strouhal scaling law.

fee =1 (U / U)

Then the amplitude of sound pressure level
is scaled using the relation

SPL = SPL + 40 l0g0(Us: / U)

Resulting scaled spectra should collapse to
spectra obtained at the scaled Mach number
for wind tunnel background noise.
Excessive background noise levels due to
impingement of recirculation flow on the
microphones will not scale using this
method, so the affected microphones and
test conditions can be isolated using this
scaling method.

Flow Survey Rake

The wind tunnel flow was surveyed
upstream of the collector to document
gpatial extent and flow distribution in the
open jet potential core flow. The tota
pressure distribution in the lower half of the
test section open jet flow was surveyed in a
single plane 1 ft upstream of the current
collector using the total pressure rake shown
in figure 3. Data were obtained in four
sections, which, when combined covered an
area 11.67 ft wide by 5 ft tall. Tota
pressure probes were spaced at 1.0 inch
intervals along the pressure rake. Data were
obtained in 3.0 inch spacing intervals. Asa
result the data grid spacing is 1.0 inch
vertically and 3.0 inches laterally.

Data Analysis of Flow Survey Data
Test chamber static pressure was used to
reduce the total pressure data to differential
pressure data. The differential pressure data
were further used to compute velocity
distribution by Bernoulli’s equation .

q=pi—ps= Yepu’

The differential pressure and velocity data
were normalized by nomina dynamic
pressure and velocity values for the tunnel
Mach number test conditions. The values
used are presented in table 2.

Table 2. Nominal pressure and velocity data.

M q, psf u, ft/s

0.20 59.2 223.28

0.28 116.1 312.59
Results

Acoustic Results

Narrowband  background noise data
measured as a function of wind tunnel
Mach number for each microphone is
presented in figure 4. In figure 4.a., the
amplitude of test chamber background noise
is shown to increase with increasing Mach
number, which is exactly what is expected.

It has been observed, both at model scale
(reference 1) and in full-scale operation, that
the test section recirculation flow is caused
by flow spillage from the current collector.
The current collector is too large for the
open jet flow, and, as a result, the boundary
of the open jet potentia core flow impinges
well inside the collector. Flow outside of
the flow boundary then reverses direction
and exits from the front of the collector.
This reversed flow not only reduces the size
of the open jet potential core, but sets up a
complex recirculation flow in the test
chamber. In order to sort out the influence of
test chamber recirculation impingement on
background noise data, the data were scaled
to a Mach number of 0.15. The resulting
scaled data is presented in figure 5. As
shown for microphone 1 in figure 5.a,, the
scaling resulted in a very good collapse of
the data to a common scaled sound pressure
level as a function of frequency curve. This
indicates that the data measured at
microphone 1 is primarily acoustic and was
minimally affected by effects such as test
chamber recirculation. Figures 5.b — bb.



aso show that the data, in general, scales
well for the other microphones with some
notable exceptions. It should also be noted
that the data presented in figure 5 does not
scale as well at very low freguencies, since
the data were high pass filtered at 200 Hz,
nor at very high frequencies as the data were
anti-alias low passfiltered at 100 kHz.

Some of the data in figure 5 does not scale
as well as other data, and that is precisely
the effect sought by scaling the data. One
example is the relatively broadband signal
difference between the Mach 0.10 scaled
data and the remainder of the scaled data,
such as that shown in data from
microphones 13-20 (figures 5.m. through
5.t.). This low frequency broadband effect
may be due to recirculation in the test
chamber and the impingement of the
recirculation flow on the microphonesin this
range dominates the test chamber
background noise at M = 0.10. Comparison
with the corresponding unscaled data shown
in figures 4.m. to 4.t. suggest that the
frequency range that is most affected is
between 200 Hz and 500 Hz. This set of
data was high pass filtered at 200 Hz, so this
result suggests that data obtained at lower
frequencies may also be affected. Scaled
data from figure 5 suggests that the
broadband spectral feature may increase
sound pressure levels as much as 20 dB over
scaled acoustic data levels. A reduction in
test chamber recirculation would likely
lower the influence of recirculation on
measured acoustic levels significantly in the
low frequency range at low Mach numbers.
For data obtained at higher Mach numbers,
it appears that the acoustic background noise
dominates the impingement flow effect, so
any measured background noise level
improvement will likely be less than for
lower Mach number cases.

For completeness, the background noise data
set is presented as one-third octave band
data in figure 6. Effects noted in the

discussion of figure 5 are evident, but not as
pronounced as in figures 4 and 5 using
narrowband data.

There were also a few notable anomalies in
the data. The trend of SPL increasing with
increasing Mach number is shown in most
of the data presented in figure 4, but data
shown for microphone 22 in figure 4.v.
show that this trend is less than for other
microphones. In figure 5.v., the data from
microphone 22 is shown not to scale well.
The shape of the spectral curve shown in
figures 5.v. and 4.v. are indicative of a
saturated data channel. Typically data from
a saturated channel, when plotted as shown
in figure 4, will resemble a straight line.
The saturation of this data channel could
result from a defective microphone that may
have been damaged by, among other things,
impingement of recirculation flow.

Data obtained for microphone 2 in figure
5.b. shows evidence of atone-like feature at
about 800 Hz (scaled frequency) that did not
scale with Mach number. Comparing this
result with figure 4.b. shows that the tone,
shown to exist at 500 Hz at Mach 0.10,
appears to be present in the data for all
Mach numbers, but that the level at Mach
numbers greater than 0.10, the tone is
masked by the generally rising sound
pressure level. The source of this tone is
probably not driven by test section velocity,
since the amplitude is about the same at all
Mach numbers, and the frequency did not
scale with Mach number, both of which
would be expected for a flow-driven tone.
This could be a mechanical noise in the test
chamber. Interestingly, the tone did not
manifest itself in data obtained with
microphones 3 and 4 (figures 5.c. and 5.d.,
respectively), however, a similar tone is
shown in microphone 5 data (figure 5.e.).
The fact that the tone was not measured by
adjacent microphones suggests that the tone
was not acoustic in nature and may indicate
an electrically induced signal contamination



at some point in the data acquisition system.
A similar feature is also evident in data from
microphone 13 (figure 5.m.) and is not
evident in the remainder of the microphone
signas.

It is anticipated that possible improvement
in test chamber flow due to the new
collector design should improve test section
recirculation effects. The degree to which
that improvement is realized will be most
evident in the low frequency data at low
Mach number tunnel operation for a set of
microphones that include microphones 13-
23.

Flow Survey Results

Test section flow was surveyed over the
lower half of the open jet flow in aplane 1 ft
upstream of the collector. Data were
obtained for two Mach numbers with no JES
flow, and one case where the JES flow was
operated at a flow condition typical of jet
nozzle research test conditions.

The purpose of the current measurement is
to document existing flow distribution.
Only data where positive values for total
pressure were obtained are presented.
Negative values for total pressure can result
from flow measurement in areas of high
flow turning, or even reversed flow.
However, the flow probes are not calibrated
to accurately measure flow in either of those
cases, s0 those data were not plotted.
Reversed flow due to flow spillage from the
collector would be expected to reduce the
gpatial extent of the open jet potential core
flow, and perhaps reduce the uniformity of
that flow. The intent is to document the
gpatia extent and uniformity of the potential
core flow, so that any improvement due to
the new collector design will be evident in
calibration tests performed after the CoF.

In figure 7, for awind tunnel condition of M
= 0.20, the distribution of dynamic pressure,
normalized by a nominal value for dynamic

pressure, over the survey plane is presented
in part a., while the velocity distribution
derived from that pressure distribution,
normalized by a nominal value for velocity,
is presented in part b. In part a, it is adso
interesting to note that the potential core
flow of the open jet is not uniform, as would
be nearer the case in a typical wind tunnel
flow. This result is unique to LSAWT
because the JES is mounted in the test
section flow. The presence of the JES and
the JES support strut in the core flow causes
aflow deficit. Although the JES is centered
in the tunnel flow, it is interesting to note
that the flow deficit inside the 80 percent
dynamic pressure contour appears in the
lower half of the test section flow, which
indicates that the presence of the JES in the
flow turns the flow downward, as may be
expected. The flow deficit from the JES
aso appears in the normalized velocity
distribution in part b., the flow deficit is not
as readily obvious. In addition, the lower
boundary of the tunnel flow data shows less
flow in the center of the test section, and this
flow feature is likely caused by the JES
support strut wake.

The leading edge of both the existing and
new collectors are plotted on the figure for
comparison with the open jet flow survey. It
is apparent that for M = 0.20, the leading
edge of the existing collector covers a much
larger area than the open jet flow, and that
the leading edge of the new collector is
much closer in area to the open jet flow.
Hopefully, thisis an indication that the new
collector will better match the open jet flow
and result in less test chamber recirculation
flow.

In figure 8, flow survey for the M = 0.28 test
condition is presented. Comparison with
figure 7 leads to the impression that the open
jet core flow is very similar in distribution
with the M = 0.20 case. Once again, the
capture area of the new collector is much
closer to the spatial extent of the open jet



potential core flow than the existing
collector.

Figure 9 shows a flow condition where the
wind tunnel flow is set to M = 0.28, and the
JES flow is set to a representative “cold”
take-off condition, with nozzle pressure
ratios set to 1.75 and 1.56 in the fan and core
streams, respectively. Total pressure in the
exhaust of the JES exceeded the range of the
pressure transducers used for the flow
survey, so the JES plume was not measured.
It is noteworthy that the shape and
distribution of the open jet flow is not
greatly affected in areas outside of the area
of the JES plume flow.

The statement that the flow profiles look
similar is supported by plotting the
normalized velocity profile across a section
close to the test section centerline for the
three flow conditions presented in figures 7-
9. The open jet test section flow is shown to
be very similar for the three flow conditions
for the ranges -4.0 ft <y < -1.2 ft and 1.2 ft
<y<40. Therange-1.2ft<y<12ftis
very similar for the two cases where the JES
was turned off, and is significantly different
for the JES flow on case, as would be
expected. This result is significant in that it
confirms that the shape of the open jet flow
is relatively independent of tunnel Mach
number, and further, is not greatly affected
by JES operation.

Conclusions

Background noise levels and open jet flow
distribution were surveyed in the Low Speed
Aeroacoustic Wind Tunnel prior to FY05
Construction of Facilities modifications in
order to provide a baseline data set of
existing test section conditions.  This
baseline data set can be used to assess
improvements in test chamber background
noise levels and open jet flow resulting from
instalation of a new collector in the test
chamber.

Background noise data, when scaled to a
common test section flow velocity, suggest
that, for a range of microphones, a low
frequency relatively broadband portion of
the background noise may well be due to
test section recirculation flow. The
amplitude of this spectral feature may be as
much as 20 dB greater than scaled acoustic
data levels for the lowest speed case
surveyed, M = 0.10. Acoustic data obtained
with microphone 22 was determined to be
saturated probably due to failure of the
microphone.  Another spectral feature, a
tone-like feature, seemed to be present in
data from several non-adjacent
microphones, which suggests an electronic,
contamination to the background data set for
those channels.

Flow survey data conducted over the lower
half of the open jet test section flow in a
plane upstream of the existing collector
clearly shows the flow deficit caused by the
presence of the JES in the wind tunnel flow.
The flow distribution was shown to be
independent of wind tunnel Mach number
and, outside of a region dominated by JES
exhaust, independent of JES operation.
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Figure 8 — Flow survey for M = 0.28.
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Figure 9 — Flow survey for M = 0.28 with JES flow on.

25



Normalized Velocity

1.20

1.00

0.90

0.80

0.70

0.60

0.50

0.40

0.30

0.20

0.10

0.00

'
a1 L L L R A L D L O A e

—— M=0.20, JES off
— — — — M=0.28, JES off
——————— M=0.28, JES on

g \
TS TR TS T NN NN T

1
-4 -3 -2 -1 0 1 2 3 4
y, ft

Figure 10. Comparison of normalized velocity profile at z = 0.05 inches.

26



REPORT DOCUMENTATION PAGE

Form Approved
OMB No. 0704-0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden, to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and
Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person
shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY)

01- 04 - 2005

2. REPORT TYPE
Technical Memorandum

3. DATES COVERED (From - To)

4. TITLE AND SUBTITLE

NASA Langley Low Speed Aeroacoustic Wind Tunnel: Background
Noise and Flow Survey Results Prior to FY05 Construction of Facilities
Modifications

5a. CONTRACT NUMBER

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S)
Booth, Earl R., Jr.; and Henderson, Brenda S.

5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER
23-781-30-12

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

NASA Langley Research Center
Hampton, VA 23681-2199

8. PERFORMING ORGANIZATION
REPORT NUMBER

L-19114

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)

National Aeronautics and Space Administration
Washington, DC 20546-0001

10. SPONSOR/MONITOR'S ACRONYM(S)
NASA

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

NASA/TM-2005-213752

12. DISTRIBUTION/AVAILABILITY STATEMENT
Unclassified - Unlimited
Subject Category 71

Availability: NASA CASI (301) 621-0390

13. SUPPLEMENTARY NOTES

An electronic version can be found at http://ntrs.nasa.gov

14. ABSTRACT

The NASA Langley Research Center Low Speed Aeroacoustic Wind Tunnel is a premier facility for model-scale testing of jet
noise reduction concepts at realistic flow conditions. However, flow inside the open jet test section is less than optimum. A
Construction of Facilities project, scheduled for FY 05, will replace the flow collector with a new design intended to reduce
recirculation in the open jet test section. The reduction of recirculation will reduce background noise levels measured by a
microphone array impinged by the recirculation flow and will improve flow characteristics in the open jet tunnel flow. In
order to assess the degree to which this modification is successful, background noise levels and tunnel flow are documented, in
order to establish a baseline, in this report.

15. SUBJECT TERMS
Aircraft noise reduction; Background noise; Jet noise measurement

16. SECURITY CLASSIFICATION OF:

a. REPORT

U

b. ABSTRACT

U

c. THIS PAGE

U

17. LIMITATION OF
ABSTRACT

UuU

18. NUMBER
OF
PAGES

31

19a. NAME OF RESPONSIBLE PERSON
STI Help Desk (email: help@sti.nasa.gov)

19b. TELEPHONE NUMBER (Include area code)
(301) 621-0390

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39.18





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /APCCourier
    /APCCourierBold
    /APCCourierBoldOblique
    /APCCourierOblique
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AmericanTypewriter
    /AmericanTypewriter-Bold
    /AmericanTypewriter-Condensed
    /AmericanTypewriter-CondensedBold
    /AmericanTypewriter-CondensedLight
    /AmericanTypewriter-Light
    /AndaleMono
    /Apple-Chancery
    /AppleGothic
    /AppleMyungjo
    /AppleSymbols
    /AquaKana
    /AquaKana-Bold
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /Baskerville
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /Baskerville-SemiBold
    /Baskerville-SemiBoldItalic
    /BastionBold
    /BastionBoldOblique
    /BastionOblique
    /BastionPlain
    /BigCaslon-Medium
    /Bookman-DemiItalic
    /Bookman-Light
    /BrushScriptMT
    /CapitalsRegular
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /Chalkboard
    /Charcoal
    /Chicago
    /Cochin
    /Cochin-Bold
    /Cochin-BoldItalic
    /Cochin-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /Copperplate
    /Copperplate-Bold
    /Copperplate-Light
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Courier
    /Courier-Bold
    /CourierCE
    /CourierCE-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CurlzMT
    /DFKaiShu-SB-Estd-BF
    /Didot
    /Didot-Bold
    /Didot-Italic
    /Dirtyhouse
    /EdwardianScriptITC
    /Futura-CondensedExtraBold
    /Futura-CondensedMedium
    /Futura-Medium
    /Futura-MediumItalic
    /GadgetRegular
    /GeezaPro
    /GeezaPro-Bold
    /Geneva
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GrHelvetica
    /GrHelveticaBold
    /GrPlain
    /GrTimes
    /GrTimesBold
    /Hangang
    /Helvetica
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HelveticaNeue
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-CondensedBlack
    /HelveticaNeue-CondensedBold
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightItalic
    /HelveticaNeue-UltraLight
    /HelveticaNeue-UltraLightItalic
    /Herculanum
    /HiraKakuPro-W3
    /HiraKakuPro-W6
    /HiraKakuStd-W8
    /HiraMaruPro-W4
    /HiraMinPro-W3
    /HiraMinPro-W6
    /HoeflerText-Black
    /HoeflerText-BlackItalic
    /HoeflerText-Italic
    /HoeflerText-Ornaments
    /HoeflerText-Regular
    /Impact
    /JCHEadA
    /JCfg
    /JCkg
    /JCsmPC
    /LatinskijBold
    /LatinskijBoldItalic
    /LatinskijBook
    /LatinskijItalic
    /LiGothicMed
    /LiHeiPro
    /LiSongPro
    /LiSungLight
    /LucidaGrande
    /LucidaGrande-Bold
    /LucidaHandwriting-Italic
    /MarkerFelt-Thin
    /MarkerFelt-Wide
    /Monaco
    /MonotypeCorsiva
    /MonotypeSorts
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewYork
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-ExtraBlack
    /Optima-Italic
    /Optima-Regular
    /Osaka
    /Osaka-Mono
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Roman
    /Papyrus
    /RoPlain
    /SIL-FangSong-Reg-Jian
    /SIL-Hei-Med-Jian
    /SIL-Kai-Reg-Jian
    /SIL-Song-Reg-Jian
    /SandRegular
    /Skia-Regular
    /StoneInformal
    /StoneInformal-Bold
    /StoneInformal-BoldItalic
    /StoneInformal-Italic
    /StoneInformal-Semibold
    /StoneInformal-SemiboldItalic
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /StoneSerif
    /StoneSerif-Bold
    /StoneSerif-BoldItalic
    /StoneSerif-Italic
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Symbol
    /Tahoma
    /Tahoma-Bold
    /TechnoRegular
    /TextileRegular
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TimesOERoman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /WarnockPro-Bold
    /WarnockPro-BoldCapt
    /WarnockPro-BoldDisp
    /WarnockPro-BoldIt
    /WarnockPro-BoldItCapt
    /WarnockPro-BoldItDisp
    /WarnockPro-BoldItSubh
    /WarnockPro-BoldSubh
    /WarnockPro-Capt
    /WarnockPro-Disp
    /WarnockPro-It
    /WarnockPro-ItCapt
    /WarnockPro-ItDisp
    /WarnockPro-ItSubh
    /WarnockPro-Light
    /WarnockPro-LightCapt
    /WarnockPro-LightDisp
    /WarnockPro-LightIt
    /WarnockPro-LightItCapt
    /WarnockPro-LightItDisp
    /WarnockPro-LightItSubh
    /WarnockPro-LightSubh
    /WarnockPro-Regular
    /WarnockPro-Semibold
    /WarnockPro-SemiboldCapt
    /WarnockPro-SemiboldDisp
    /WarnockPro-SemiboldIt
    /WarnockPro-SemiboldItCapt
    /WarnockPro-SemiboldItDisp
    /WarnockPro-SemiboldItSubh
    /WarnockPro-SemiboldSubh
    /WarnockPro-Subh
    /Webdings
    /Wingdings
    /ZapfDingbatsITC
    /Zapfino
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


